Abstract We developed and characterized 20 microsatellite primer loci for the northern shrimp Pandalus borealis. All 20 loci were polymorphic with number of alleles ranging from 3 to 36 and with observed heterozygosity between 0.04 and 0.93. In addition, we tested the utility of these markers in three related shrimp species, P. montagui, Atlantopandalus propinqvus and Dichelopandalus bonnieri. These new markers will prove useful in the identification of stock structure and hence, assessment of the commercially important species P. borealis.
Evidence is accumulating that many marine species are spatially structured into reproductively isolated populations to certain extent. The recognition and understanding of the mechanisms responsible for such population structure is of paramount importance for fishery management and species conservation (Ruzzante et al. 2006; Schindler et al. 2010) .
The northern shrimp Pandalus borealis is an abundant benthic species in the North Atlantic, being commercially important in its whole distribution. Previous genetic studies have rendered information of its genetic structure in the North Atlantic. Kartavtsev et al. (1991) showed no genetic differences at four allozyme loci among three localities in the Barents Sea. Rasmussen et al. (1993) also used allozymes to show significant differences between Svalbard and two northern Norwegian fjords, but showed genetic homogeneity within all the compared regions. Jónsdóttir et al. (1998) compared the Denmark Strait with inshore and offshore localities of northern Iceland and found significant allozyme differences among all three areas. Drengstig et al. (2000) found genetic divergence between Norwegian fjords, but widely separated localities in the Barent Sea showed no differentiation. The use of allozymes has proven useful to resolve some genetic structure among ocean-wide samples (Grant et al. 1998) ; however, large differences at particular loci may question their neutrality for population genetic studies. Another study using RAPD analysis (Martinez et al. 2006) showed P. borealis from the Norwegian fjords and Jan Mayen stations different from the Barents Sea and Svalbard. The two localities at Jan Mayen also differed from each other but no further intraregional R: GTCGGTATCTCAAGGCTCTTA differences were reported. RAPD markers may be valuable to diagnose traits or for genetic mapping studies but their dominance and both their reproducibility and homology issues raise concerns about their suitability for population genetic studies. Here, 20 microsatellite loci for the shrimp P. borealis are reported that will be useful in future studies of population genetic structure in this species. Two different approaches were chosen for the isolation of the microsatellite loci. The first approach was performed at the Department of Marine Ecology-Tjärnö, University of Gothenburg. Here, a microsatellite-enriched genomic library was developed from P. borealis following a modified protocol from Glenn and Schable (2005 . A total of 192 positive clones were sequenced and primer pairs were designed for 33 microsatellite arrays of suitable size (5-20 repeats) using Primer3 software (http://frodo.wi.mit.edu/ cgi-bin/primer3/primer3_www.cgi). A subset of 12 PCR primer pairs was tested on eight shrimps for tractability (reproducibility, consistency, range in allele size, presence/ frequency of ''stutter'' bands, and polymorphisms).
The second approach was through the commercial company Genetic Identification Services (GIS Inc., Chatsworth, USA; http://genetic-id-services.com) to develop and screen four libraries enriched for tetranucleotide (AAAC), (CATC), (TACA), and (TAGA) motifs, following their proprietary protocol (Meredith and May 2002; Schwartz and May 2004) . A total of 96 clones were sequenced and 16 primer pairs were designed.
Thus, a total of 28 primer pairs were included in the initial test. Subsequently 21 of these were further tested on a larger number of samples. The microsatellite loci were arranged in six multiplexes (Table 1) . The PCR were done in 2.5 ll reaction volumes with 19 Qiagen multiplex kit, 0.1-0.5 lM primers and 15-25 ng DNA. The primers (Applied Biosystems, Foster City, CA) were labeled with fluorescent dye at the 5 0 end of the forward primer (Table 1) . The amplifications were performed in a GeneAmp PCR system 9700 (Applied Biosystems) with the following PCR profile: An initial denaturation step at 95°C for 15 min, followed by 35 cycles of 95°C for 30 s, 56°C for 3 min and 72°C for 60 s, ending with a final elongation step at 60°C for 30 min. Fragment sizes were determined with an ABI 3130 XL automated sequencer (Applied Table 1 continued Locus name Primer sequence (5 Biosystems) and analyzed using Genemapper 4.0 (Applied Biosystems). Allele frequencies, observed and expected heterozygosities, Hardy-Weinberg proportions and linkage disequilibrium were calculated using ARLEQUIN 3.5 (Excoffier and Lischer 2010) .
In total, 48 individuals from Oslofjord and 38 from Sola, Norway were used to characterize the selected loci. The 20 polymorphic microsatellite loci presented here showed from 3 to 36 alleles with observed heterozygosities ranging from 0.04 to 0.93 (Table 1 , Genbank no. GF111281-GF111300). The significant deviations from Hardy-Weinberg expectations were all associated with heterozygote deficiency. One locus pair combination showed significant deviation from linkage equilibrium (SD1-18 and SD1-30 in Oslofjord).
Cross-amplification was tested in 12-14 individuals of three other shrimp species: P. montagui, Atlantopandalus propinqvus and Dichelopandalus bonnieri. Five loci were polymorphic in A. propinqvus, 4 in D. bonnieri and 2 in P. montagui (Table 2) . 
